Summary. In order to characterize each nucleus of the interpeduncular complex; the central nucleus (IPC), the paramedian nucleus (IPC), the outer division of the posterior nucleus (IPO), the inner division of the posterior nucleus (IPI), and the apical nucleus (IPA), the efferent fiber connections from these nuclei were examined both by Fink-Heimer's method and by the retrograde transport of horseradish peroxidase (HRP) using cats. The efferent fibers from the IPC and IPP projected to the dorsal tegmental nucleus of Gudden via the pedunculotegmental tract and to the mediodorsal nucleus of the thalamus via the fasciculus retroflexus. The IPO projected to the ventral tegmental nucleus of Gudden via the pedunculotegmental tract, and projected to the anterior mamillary nucleus, the lateral hypothalamic nucleus, the preoptic area, the diagonal band of Broca and the septal area via the medial forebrain bundle.
Introduction
The interpeduncular complex is situated immediately dorsal to the interpeduncular fossa and in the rapheal region of the ventral tegmentum. Berman (1968) divided this complex into four nuclei on the basis of cytoarchitectonic evidence ; viz., the central nucleus (IPC), the paramedian nucleus (IPP), the apical nucleus (IPA), and the posterior nucleus (IPN) including the outer division (IPO) and inner division (IPI). Although the efferent fiber connections of this complex have been studied by many authors (Cragg 1961 Kemali et al. 1980 ), some discrepancies still exist among them and the characteristics of each nuclear division as regards the fiber connections have not been well studied (Ives 1971 ). The present report represents part of a systematic study on the connections of the interpeduncular complex using the silver impregnation method for degener-M. Seki and K. Zyo ated axons and the method of retrograde transport of horseradish peroxida,se (HRP). The purposes of the present study were to determine whether the nuclei of the interpeduncular complex have different projections and to distinguish among these nuclei as regards their connections to the midbrain tegmentum, the thalamus, the hypothalamus and the septal area.
Materials and Methods
Adult cats of both sexes weighing 2.5-4.0 kg were used.
The animals were anesthetized with pentobarbital sodium (25 mg/kg).
For degeneration studies, a fine stainless needle with a bare tip was inserted dorsalwards stereotaxically into the interpenduncular complex.
A small electrolytic lesion was made by passing a current of 1 or 2 mA for 10 sec. Following from 5 to 10 days survival, the animal was again anesthetized and perfused with 10©o formalin. After postfixation of the brain with 10% formalin, frontal or parasagittal frozen sections at a thickness of 30 p were prepared and stained by FinkHeimer's method for degenerating fibers and terminals (Fink and Heimer 1967) .
For HRP studies, anesthetized cats were placed stereotaxically.
When the HRP was injected into the Gudden's nuclei, the mediodorsal nucleus of the thalamus and the preoptic area, respectively, a small amount (20-40 n1) of 30% HRP (in 0.1 M Tris-buffer, pH 8.6) was introduced through a 1 pl Hamilton syringe of 26 gauge over a period of 20 min. In other cases, in order to form a restricted deposit of HRP at the injection site, HRP was injected microiontophoretically.
A glass pipet filled with HRP (10©© in Tris-buffer, pH 8.6) having an internal tip diameter of 10 to 50 p was inserted dorsalwards into the brain. After electrode placement, a current of 2-4 pA was applied in an alternating mode (5 sec on, 5 sec off) for 2-5 min (Graybiel and Devor 1974).
One or 2 days postoperatively, the animal was fixed by perfusion with 1% glutaraldehyde-1.25% paraformaldehyde, and the brain was cut into frontal or parasagittal frozen sections at a thickness of 30 p. The sections were reacted with DAB according to the method of Graham and Karnovsky (1966) and counterstained with cresylviolet (LaVail and LaVail 1972). For cytoarchitectonic studies, 40 p-thick frozen sections of formalin-fixed brain were stained by KItiver-Barrera's method.
Results

1) Degeneration study
The most typical lesion of the interpeduncular complex was made in case C129, where the lesion occurred restrictedly in the IPP, IPI, the rostral part of the IPO, and the caudal part of the IPC ( Fig. 1-A) . The degenerated fibers from the lesion ran caudally through the IPO and IPA, and then dorsalwards through the central superior nucleus forming the pedunculotegmental tract into the Gudden's tegmental nuclei. There were many degenerated fibers and terminals in both the dorsal and ventral tegmental nuclei of Gudden (Figs. 1-B and 4-A). Other degenerated fibers from the lesion ran rostrally through the IPC and coursed through the ventral tegmental area of Tsai.
At the level of the oculomoter nerve, the fibers could be divided into 3 groups. The first group joined the fasciculus retroflexus and coursed dorsalwards (Fig.  4-B) , and then diverged from the fasciculus retroflexus to the parafascicular nucleus, the mediodorsal nucleus and the central medial nucleus of the thalamus ( Fig. 1-B no degenerated fibers and terminals in the habenular nuclei. The second group coursed rostrally through the supramamillary nucleus and entered the anterior mamillary nucleus. There were degenerated fibers and terminals in the anterior mamillary nucleus and a few fibers in the medial mamillary nucleus (Figs. 1-A, B and 4-C). The fibers of the thirdS group ran rostrally and joined the medial forebrain bundle. There were degenerated fibers which branched off from this bundle in the lateral hypothalamic nucleus, the medial and lateral preoptic areas, the nucleus of the diagonal band of Broca, and the septal area (Figs. 1-B, C and 4-D).
2) HRP study
The topographic pattern of HRP labelled cells in the interpeduncular complex was observed after injection of HRP into the Gudden's tegmental nuclei, the mediodorsal nucleus of the thalamus, the anterior mamillary nucleus, the lateral hypothalamic nucleus, the preoptic area, the diagonal band of Broca and the septal area, respectively.
When the HRP was injected by the microinjection method into both the dorsal and ventral tegmental nuclei of Gudden in case H133, the HRP deposit on the injection site involved the dorsal tegmental nucleus of Gudden, the ventral tegmental nucleus of Gudden, the fasciculus longitudinalis medialis and the central gray matter.
Abundant HRP labelled cells were present in all parts of the interpeduncular complex ( Fig. 2-A) .
In case H145 where the HRP was injected microiontophoretically into the dorsal tegmental nucleus of Gudden, the HRP deposit was restricted within the dorsal tegmental nucleus of Gudden. In this case, many labelled cells were recognized in the IPC as well as several labelled cells mostly in the rostral part of the IPP contralaterally, and only a few in the IPI. The number of labelled cells in the IPC was larger on the ipsilateral side thari on the contralateral side (Figs. 2-B and,..5-A).', In case H147 wliere the HRP was injected microiontophoretically into the ventral tegmental nucleus of .Gudden, although the track of the glass pipet passed through the dorsal tegmental nucleus of Gudden, there was no leakage of HRP through the track and the HRP deposit was restricted within the medial part of the ventral tegmental nucleus of Gudden. In this case, many labelled cells were present mostly on the ipsilateral side of the caudal part of the IPO, and only a few in the IPC (Fig. 2-C) .
When a small amount of HRP (20 n1) was injected into the mediodorsal nucleus of the thalamus in case H222, the hollow of the HRP deposit extended through the caudal half of the mediodorsal nucleus and the dorsal part of the parafascicular nucleus. In this case, many labelled cells were found in the rostral part of the IPC, mostly ipsilaterally, and in the caudal part of the IPP, mostly contralaterally (Figs. 2-D and 5-B).
Following injection of HRP into the anterior mamillary nucleus in case H195, the HRP deposit was restricted within the anterior mamillary nucleus and the rostral part of the lateral mamillary nucleus, and there was no leakage of HRP in the posterior hypothalamic area. In this case, there were many labelled cells in the ipsilateral IPO and several cells in the IPA, but no labelled cells were found in the other nuclei (Figs. 3-A and 5-C).
HRP was also injected microiontophoretically into the lateral hypothalamic nucleus. The HRP deposit was restricted within the lateral part of the lateral hypothalamic nucleus in case H196. Since there was no leakage of HRP through the needle track, the HRP deposit did not extend beyond the dorsal hypothalamic area or the thalamus.
In this case, many labelled cells were present in the IPO and IPA (Fig. 3-B) .
Following injection of a small amount of HRP (40 n1) into the preoptic area in case H177, in which the medial preoptic nucleus, the lateral preoptic nucleus and the lateral edge of the anterior commissure were involved, many labelled cells were found in the caudal part of the IPO and IPA (Figs. 3-C and 5-D) .
When HRP was injected into the diagonal band of Broca in case H197, the HRP deposit was restricted within the vertical limb of the diagonal band of Broca, and M. Seki and K. Zyo several labelled cells were found in the IPO (Fig. 3-D) . When HRP was injected into the septal area in case H179, the HRP deposit was restricted within the dorsomedial part of the septal nucleus. In this case, several labelled cells were also found in the IPO (Fig. 3-E) .
These results obtained are summarized in Table 1 .
Discussion
Ramon y Cajal (1911) divided the interpeduncular complex into a superficial layer of large cells and a deep layer of small cells in rabbits.
Berman (1968) divided the interpeduncular complex into four nuclei : the IPC, IPP, IPA, and IPN including the IPO and IPI. Ives (1971) studied the cytoarchitecture of the interpeduncular complex in selected rodents and divided it into the pars lateralis (PL), pars medialis (PM), pars dorsalis parvocellularis (PDP), and pars dorsalis magnocellularis (PDM). The PL would be homologous to Berman's IPO, the PM to IPI, and the PDM and PDP to the IPA and IPC, respectively.
However, the IPP has no homologous part in rodents except the chinchilla. Our findings agreed with Berman's cytoarchitectonic classification of the interpeduncular complex in the cat.
Using a combination of the degeneration method and the HRP retrograde tracing method, it was possible to distinguish among each nucleus of the interpeduncular complex. In the present study, the IPC and IPP were found to project fibers to the dorsal tegmental nucleus of Gudden via the pedunculotegmental tract (Zyo and Hayakawa in preparation), and to project fibers rostrally to the mediodorsal nucleus of the thalamus via the fasciculus retroflexus.
The IPO projected fibers to the ventral tegmental nucleus of Gudden via the pedunculotegmental tract, and to the anterior mamillary nucleus, the lateral hypothalamic nucleus, the preoptic area, the diagonal band of Broca, and the septal area via the medial forebrain bundle. The IPA sent fibers through the ventral tegmental area of Tsai and the medial forebrain bundle to the anterior mamillary nucleus, the lateral hypothalamic nucleus and the preoptic area.
The efferent fiber connections in rela tion to each nucleus of the interpendun-cular complex have not yet been well studied.
From degeneration studies of the interpeduncular complex as a whole, Smaha and Kaelber (1973) reported that the interpeduncular complex sent fibers to both the dorsal and ventral tegmental nuclei of Gudden, the lateral habenular nucleus, the lateral mamillary nucleus, the intralaminar nucleus of the thalamus, and the septal region. However, by employing only a degeneration method, some discrepancies arose among different authors regarding the projection areas (Cragg 1961 
fibers surrounding the interpeduncular complex, i. e., the mamillary peduncle, the fasciculus retroflexus, the central tegmental tract, etc., but also because each nucleus of this complex projected to the different areas that were mentioned above.
Stofer and Edwards (1978), in their abstracts of fiber connections of the interpeduncular complex in the cat using the autoradiographic tracing method, reported that fibers from this complex did not project to the lateral habenular nucleus. When Herkenham and Nauta (1977) injected HRP into the lateral habenular nucleus, they did not report labelled cells in the interpeduncular complex. Also, Cuello et al. (1978) suggested that since large lesions of the interpeduncular complex failed to produce any change in the pattern or intensity of substance P or choline acetyltransferase activity in the habenular nuclei, there were no substance P or acetylcholine containing afferents to the habenular nuclei from the interpeduncular complex. Our results are in agreement with theirs.
Recently, it was reported that the medial part of the medial habenular nucleus projected to the ventral portion of the interpeduncular complex, and the lateral part of the medial habenular nucleus projected to the dorsal portion of the interpeduncular complex (Herkenham and Nauta 1979, Marchand et al. 1980 ). Since they did not study the detailed cytoarchitecture of the dorsal and ventral portions of the interpeduncular complex, it remains unclear as to whether the interpeduncular complex should be divided into a dorsal and a ventral portion.
According to the results of the present study on the efferent fiber connections of these nuclei, it may be concluded that the interpeduncular complex is divided into a central group including the IPC and IPP, and a posterior group including the IPO, IPI and IPA. Thus, we may term the IPP the magnocellular part of the central group, and the IPA the magnocellular part of the posterior group. Considering the projection areas of the central and posterior groups of the interpeduncular complex, this complex may form a correlation center among the hypothalamolimbic and the epithalamo-somatic and midbrain-limbic regions. 
